SRR AR, FEadr, |, F.
0781.20250051.
ZHENG Yue, LI Xiangxin, TIAN Lan, et al. Research progress and development suggestions on multifunctional upper limb prosthesis
technology[J]. Science and Technology Foresight, 2026, 5(1): 49-60; doi: 10.3981/j.issn.2097-0781.20250051.

g LRERRAHAFTHEES
A RN

*Bi5, Z=@FR, HEk, FEH
FRERPE RIS AR TR, iRl 518055

% o b L AR I R A 3 R 5 KR FLT]. AT BE AR, 2026, 5(1): 49-60; doi: 10.3981/j.issn.2097-

i

BE TEEAEREATEFSEK, LEAMBETSRABLE R, B R LE Tt
BB, HBEELEMBIIRRRE, BHBTER A FhZ RERAASE R, FREFARESRT,
R, SRR aEESH L LB ARG R W R MNIE,, FENRG AV R . £

SRR AR e b BT R

B E Rk RRER S AFE, RAWME MBI KRR

R, I IZARE ARG NG, FRBEARL . BORIIFFHER B A AT,
VRIS P B LB R G Akt A, AL EBE deik HEAREILE 2L A
XHBE ALe BRL; FERAA; BRI RAET; Faeded; ik

RIG PO NS SR A R R, 2R
WEIF S Z LR EE T H, S8, 464wk
PNEi L Eoa R N L 8 N5 2 N RN
247277, Hi T ABERAL ., BIMIFFHERZ
W, PR R R o S o, b IR
B BRI REB , WA TG [N S
G2 REEZ R, XtmtEie DB TR B 4R
Byl

ISR 2 b PR A 5 R S R Z i
(2T, ML BB e iz s A Y
LA R, B = Rl PR FH AT 4 3
Ir ) o NIARAPASHEBA AR Tz s A e pi

WoAs B . 2025-12-23;5 5= H 8. 2026-03-11

KBRE . & EFEABRFLT% (2020B0909020004 );

3@ LA (JCYJ20250604182859055 )
AR

) CPAIREEET HLEIM, R 2 U Wiz
B, T 30E o B G S B R 5 U Bk
Jo Pt 5 BIAURCE E K AR T B 0 DG 2
H A A SRR iz Sl AU S LT, B
eI Ak eI 2 oo R TN V| M S e L 2 s
BT RYIE, JFghaE Aoz shiEw RN, SEH
BRSO AR AR D R AL, 3 o 2 S i b R
B A Az DB, HAT,  E R Z d L
H, ( Electromyography, EMG ) {55 #5#, i#id R
ERFRI EMG 155 52 i iz 2 T4 il 1B o
BN B, B e R R, R an
1 AT7R o B LA AR B BB S I AR AR 1Y 32 Bl 45

BRARARMFEASFSAFEASL (62503458 ); RIN T H

HilfERHE Science and Technology Foresight | 49


https://doi.org/10.3981/j.issn.2097-0781.20250051
https://doi.org/10.3981/j.issn.2097-0781.20250051
https://doi.org/10.3981/j.issn.2097-0781.20250051
https://doi.org/10.3981/j.issn.2097-0781.20250051
https://doi.org/10.3981/j.issn.2097-0781.20250051
https://doi.org/10.3981/j.issn.2097-0781.20250051

ZRIASIAT

Review and Commentary

B, ORGSR | B R . S
A B S R M A D 57 T A T
K, LG PR RS IR ik 0%, W B AR
B SRS 2 B B,

\ BEIME
R
fE5HA

SR S

3 W e B Vg Y SN R T 2ebiiif s
Fig. 1 Bidirectional neural pathway of motor and

sensory information

AR, Pl ABOR . NTERE . AL A
RBb A2 2O S R, 2 IhEE BRI
PR K JEAT AT o [ N ESMITSE A BA R S BB L
PR | BB JERGE SR L ] SR RS
BLEARAEAZ O TT T R WTTE, WS R AN
BRSO RGRENZ ST S, T
REJEREFG PR, SR M XA I, L
Wittesh BB AR i Re Al . 5 A=A AN S ]
it $eTtEE B BRI RET T, RIS
P REE R I B KAt 25 9 4H

1 ZREIA

ZA PSR S Z2 e bR R B AR S B
b e, HA LR R B e G n B — iz 3 %
i, RAONEEE O A RO B s, A
REFE AN PR U B T — R IIZR 5 R L
1.1 RI5 ERARAAIMBENNE B

PSR A AR S5 A AR I A LR ZS F F A%
BEEEAEN, v T IRBAEEREIEE . T AR
B (7 AmE) 5T (21 AHRE) MEEE A
P, AW EEZTE TR EXELASE . S B TE

50 | HilERHE Science and Technology Foresight

6 I NIz Sh I REFERN L Rl R fL B T454 , wF
FEi el is s R B R AR LBz 3l b
[FIRLARE, PR A RISl B S 5 AR 1 sl
GF, JFRE T BE BB R 22 5, L R T
PRRIBAAR AR, LA R R 22 R R R 5K

I PAUBIE A ATLAA PEASE R A BB 45 AL BT T AR
BF o 1992 AR B BIERHEBSA IR AL, B
KMPA R 4 [ b AR RERIL R PR B R

HO, rh BB RN e FR B BRI A Y B
B EAS 11 ESH BB, i 5 AW EE FEERBA
6 A M EEBUCT-AIAL, ATAS i BCAS [F] AR RRE FE 1)
BB REA, hERFEEROR K AEE R 6 F 3 H
A EE BT, 7RISR St 1 i 57 5 K it
JE R, B PR AR R S, A2, A
F AR AR LB, Ottobock 2 F] Y Dyna-
mic Arm F51 | Steeper 23 A1 Espire Elbow FR517
Fillauer 22 ] f) Utah Arm 8 51J S124) 6 1 2 L1 48
R R R B R
TERICTIE R T, AT B R is
SRR, &N A F Bz s g 5, W
WUt T 3T 2 09K 2 U5 A% ) 4546 00 45 A= Uk
(K 2), Hrr, 2IKEh45H r BT B TR
SER, MELLSEBRIH, 4 Shadow Dexterous Hand™,
IR YK B0 235 ) HA Dol A i e I iR 2R 8 R I AE AR
R, BTSRRI IKSh 251kt 8
SUMNESSIERT ol PN B ERIES RN PSPy eSS
WIEPE GGG, TS R B T
TS R, g JREE Tk K 2= 48 Al ) DLR/HIT
Hand IV, PYHEAF R ZZWFFE R B2 2 Wl B MANUS
Hand A1 R 2 3 40 K 5 BF il () Remedi Hand!';
KATHEA BE AR BB T X TR A AR ¥ T R 2 v 1 B
9, 0RO 252 98 i A o Be i & AR BT Smart
Hand™, [ % K 2% % 8K A B A (9 5 BT Pisa/lIT
SoftHand 2041, HEHRHE K2 AEAL T X-Hand!™!
IR K AR 2 B bk & 1% {5 F Hannes Hand!'¢),
A, EFEEBBNRIT T —3R 12 AHE (6 £
A M) PEIAED ABRT, B TEREE



SCJEAR, BT RITHRRE T, S EI M —
ANESNBANEESI A R, IR 1A e
sl A i (& 3) 07,

LR i o
R S B 2 T 9
e [ R "
Shadow Dexterous Hand
sewmens o
AT ) 3 S .
LA Rqmedi Fand
KIRE) WL PC
LGNS v ——
BT A m e RRE R Y =B
AV B R g =
Widhiash, A SoftHand 2
U T3 T DG
AR =

* Smarthand N

K2 BIRTEnd

Fig. 2 Classification of prosthetic hand structures

£z
F3h A

£z
BB A R

B T

K3 fiE R
Fig.3 Bionic prosthetic hand!'”!

DA T, B ™ Clndbss BRIRL
AR BRA AR RHS6 R 51 R IGFU8 |
AR SR A R A A Ohand BT . WITLIR
Jigi Bl 45 A BR 2 71 A9 BrainCO B F ) 5 FE4h =
i (U Ossur 23 Al i-Limb BT . Ottobock /A H]
i) BeBionic B T-. Taska 23 H] A9 TASKA BT
Psyonic 23 F) B Ability [BBCTF55 75 ) TES5HPERE
FRZEEC REAE /N, BRI AL T8 4544
%o ) 249 DR 25 349 2y v i k9 R/ N FEL ML A K Bl 2
A
1.2 EFZREYERBREMEIRE!

1z B RE TR I A BRI SER A A R 1Y 5k
BN S s T HEENEsER, S

WS “4%)5% (phantom )" BRSO [F) 30 7E i
PRAFHLA AR = EMG 5%, AR RERINFE AR
M EMG {55 - BUH A RN EAR G, A SIE
Gy&de, gl DAT s s s . YT
FRBA MWD GRS, ZIADE
SR NS AATZ AR IR BAZ O R

FEF AL LGRS (Pattern Recognition, PR )
HORCTHIERSIVER#IS . 1993 4, Hudgins 551
FIF PR J5 ¥ DA HIE #BCH (19 5% B EMG 15 5
B R T AN RN AN e/ ST 4 F
WEhVE, 2003 4, Englehart 25000 1] 5 % fi2k
PEF KA ERCE 4 Fh T80 301 00 48 7 2
93%, 2012 4F, Muceli %21 RFE N T4 25 0 25 55
T2 A ) 5 S P A By 3 Bl DG ERABE AR, $i i
LR TR) 25 e g4 i s, S8 T Al i 4k 3z 2
B3 22 LR 45 . 2018 4F, Hahne %5 1227E Science
Robotics I FEF 1A RIRY () i 5 [R5 Lol 4
W75, G 2 A R TR SR, A
W (&4 (a)), 2021 4F, 2 EMAF2 7 Nature
RRMTEER, LA U5 e R s Rl
S X 2 5 B R AR 2B T 1 A
WgEdl (B4 (b))o ZE50AR T BA RO B Py 4 5
TEEM AR R FE R AIBR, 2007 4F-5¢ B 43K 1 4]
PR 2 I R WL S5 AL RN e At
5, EENIE 95%.

TR 2 ] )t J5 e A SRl s i ) H )™
2o ARG I, BREES ) AT N KHEE s v F
eI RHiE R, B RN ARSI, W42
FHEARIPERE, HITAERPL T | AN IZ 3 2 ) 4
WIS R NI LR . Montazerin SER4E H B2
%) Transformer T-FVPUIHESR , i 1o $2 B0 %5 2 L
HL A 1) ) 25 R SR 65 Fl 303285 2024 4F,
Ovadia 55 PSR FH Bifi #1145 FHAZ 48 40 A8 1R B2 BURRAE
TERRARTTA 2 Y IR SR T 35 e A0 SR

N i MBI e T AR T Jie T AHDCA 9, |
Vi 28 38 RS A [ BH AT BAR7-281 I JR T Tlb R X
AN R HOR AR A I BAEY | H PROR A
FRSCEERTBARY | 5 B R Al SRS A BA B A AR TR 2

RS Science and Technology Foresight | 51



ZRIASIAT

Review and Commentary

[+ 2 Le Al

<L |

A

EMGI5 %

~_ 2 B

~N ||| W

8
]
(a) [T BT IF) 2 L A2 ] 22

(a) Synchronous proportional control of prosthetic
hand with regression model??!

Wl 5 5
T b e

\g

JIICEREE IR ‘
-— /| e
R ke |
?@ ﬂ\\
i { ‘
o oFRMTHE
P |
W%H%%%ﬁ//
e P @ 5 B L 1
; [P
7 e PORCER

(b) T WU BRI A B A 2 B T )
(h) Control of soft neural prosthetic hand based
on EMG pattern recognition!®!

K4 ZET L iz S
Fig. 4 EMG-based motion pattern recognition

A1 MNIBEhHTT it . iz s BRI E B S T
LAz 2 7 AR B . P E R AEOR
R R I BAEOE H QU R 22 [ 45, AR/
AN TR P RPEREIi . PRS2
RINSCRE BB T B [ B S5 XL Gep LR~
JTREE A RIE A AR, T RS~ ) B A
PRIZACRINTY , A RERT T 2R A iRs iz fLRE
T1o BHEAERIURBR A A2 3 T Bl BT 0 fif
MR, MHE IR B LR LS 500
Lz s oeah R AL F S, R R T issh A
PUIHER R

HAT, iz siiaCR eI, il S 2= sh 1
FEEEAR . BB A R, WUAIEST . AR
Mool BRI AR B AR S A R A 2 i
SEMRBIRCR, RRSTE . SR AR AT IA R A
Hrlo
1.3 (RIS EERINS BIRINUN B R i

BN RE R B T I RE BT A G R, A
AURESRTH O B BB A RIS S, T8 ]
RIS, (BT REAE SN 52 7% Mk 197 4% R L 55 R
Bio BONDIREAE BT HOR B R B 3R
ORI AT T, A4l i 2R R R AR U
RIS S, AR IS S ek AR A 15 B A%
LA BB . SRS R R B A St
LR, ATARMR) . AL SRR AR A

52 | HilERHE Science and Technology Foresight

KL, T B A e 122l e M ) SR REAEAR S A b St
SERAHEMICIRAS . U AR IIASAE . W A B
JEPERD, g N—HL-REE i) 24 458 H ARG B S04

el Rar B2 A TR TR
R BEE, JREF RS UM R A AR
T, [ P AMTE 5 AT B3 T R TR T T
gt (1B 5). Horf, AR A iAot F i i
GelStereo F W filh 5 A A A, i1 2 =L A2
LR A S S BN P Al s RIS e
FHEBEAL TR BEIR S RGP K i S A% IR
i, AISEEURTLEE . AR RS AIR;
LIRS R T ARl R AT MUK BRI H 5
YRR T RS AE AR, S e bl I T I T AT
fh s, SIS SEFIAYARITR T, 1ehh,
Eap Rl TSR B RN TR AP S N L e
FRARRAA T F AR, Hrrg R T
REAL QU RUR ST [ RR A BRI Se it BT
G BE ISR L7 S A o A5 S TR T
AR

N T B AR AN E., SemBUc Tl
IR, 5 Bk B 2 B fik v (5 BB 25 T
TR AR e J bt i g g AR 2 o B SRR
R 2T AR IR, B2 IR R R 32 AR e B
Z B de, SeBl A % B EDULAY RS R 5t i
I Pkhk . BB B 5107 4% 5 AR e R A 4,



(a) filSE LG T 0

(a) Tactile sensor array™*s)

(b) FETHRB b S bt i BB T4 il
(b) Prosthetic hand control based on
vibrotactile feedback!'!

F5 faid (R SR ECS Bt S 5t

Fig. 5 Tactile information acquisition and sensory feedback

Ao MR AR FR AP 2 AT, W
HARNUA P E Y i RS, 7
FARTI, FARFRSZEAELE) ), JER AR
HETw TR, BRI IIAR, HEAHG/N .
A B ILE, B AT Bz
RGN ERB R, BT, AR R AL
W ST EASG IR B ST | R R Bk
ST LS SR P S B S VRI g i L S
S Ao

[ N IS AT ATE AR A= A 2UEens S 15 S5 1 B
REEEE TP EREE BRI SR AR 5B AT A
3 3ok % 21 2 AL 52 15 e P e e £ O e AR e A
P 2 SN I, B 22 38 28 e R A 28
V-, TR IBCRR A KR X7 & f e TR IR
BT, HEAIE KA BARSE T RIS B0 R &
PR EERYSENR , BB R T A RS = o A
IF 9 IR T B ACPEAGR, s T R 5 B TR
Robotics X A& 1 il i A% AR BE51 A5 405 AAA
P FRAER , MRFE e HL BN SRS D SRR | o
FE Y SR I0ST 2y 4 i Kt e iy ]
PR RS AR S S FUNER i ERY NG/ SR e
B F SATARRAEES, 18 SR T AU &
RIARZ AT ZFER A, P R RO &
LI T PRAE,

BARTE, EANIIRERS S ImRT K, EE
WA ISR AT P ARSI ZE R AR B
e BAH, ZHESMERS USRI T

FER ST ARA A ST 17 o
1.4 ERIBRRIEEhESIRES

TEIGSR O A AR AR PER I BR R, S BE
Z A EBINCE S . AR SR E O LR
IR i 5 B DTS WU SR B
FERAX M BB, BB ™
ZRH, BAUEA R EMG 15 BN 2 A S
ARz Sl R T T R PR AR s ELULIA i 3l
TEAN[AliE ShAT 55 S B ey B S A VR AR AR AIE
PRI T B B R RS AR . e, F
FENGUE S e i 5 DAL BREOAR | Pl ik |
Z SR IER S AV R SR b A, RS T
TR il R g P RE

2T MR A o SRS T B Ol B R L B
i Sl 3 200, K 6 B, Hp,
[ 4% 1l LG im s RO E— 4RI, E iy
T Sl e g Ak _E I BUEeiR
SEEE R RIBIRATT, E BHO R — iz 3)
ERPER . ARTHERIBOR , HRHT I AT A 2
e EMG {55 5 EI o0 . SR T S5 3R
IR BRG, ANRA LY 32 v A~ e &2
(g BT, LA YRR A G BRAi ihiz 3 i
K, SEEH ISR B ARERRE; [RImE, AL
PEilix — AHLERRI S, LRI T e TR B sk
PR 1A A Bk, ARIRHMESE . — EMG fi il
A o

el o AN B S R4 A EEH AL

HiIERH% Science and Technology Foresight | 53



ZRIASIAT

Review and Commentary

UG B
'mgé%@(%m&m}{ﬁ@%ﬁ}

: SRR TS LR
| Lﬁwuzﬁ iy
=|: Ji %] w [m i
i P”#”}[im}%?
""""""""""""""" R bl

s

Bl6 b BB il shms

Fig. 6 Control strategies of upper limb prostheses

P, CIEAINEHO) | RN L NI4T IE
THARNE . B hn H TEAECT, WA
PLURRIE R R G, BB P LS =~ . A=
WYy S MR A SR AT 8 E, LEmr N P
FLHEARRIEIN, MR B A IR, S
AR SR B S ®] . 2024 4, Science Robotics
WFFEUE S SE A ] i A 25 B 26 0 P R T P
it SRR RE %), R, ARSI OB AL
FR R TS, A A kS 2 A
HIBERIBCELSE . RIS SR . BN, me/REE T
My R R TR R R RN SR IS A LR B 45

MRS, Mg aRsiss (AR ) Sk EFEIUR
FRE, H EMG 155 L A il (BB e s
RS S TN g RS ) S R o -
R BB HAR, ZXUZ B R TR 5 45
il fE SO MEEBHER =T R A FEH RS,
H L5 1 A U H AR T ORI B 2, P ad g
EMG {55 58 AT s 7 R /- i 8 JE B T2 B
IlE i e R F AR, SRR 5 T 7

I ) S BN ATI, H AT A MY TETR AR
e P SR R BON T, E RS H s s A
AMEEE A FRBRSRE, 9RkG H B S AT 55 AT 1]
(220, BERE IS (BB & A A A B G 4
WLREA AR THBUL B SEHIVE R P2 JEE
1.5 RI5ERREIRESE

BB IE B Rl S SR B i A A . R BET
R S PR IR I B, RO B R
FATENGT L RS RS 2 s, MR-
(BB A R B A . ARG R IO |
B PR AT E A R SR, R
WA, PR B SRR, e IR e
P, AAAFAE R R IZRACRAR . 1E B R A =
(IR, T BN e Rt SR B I PR A f14 3 2
B

PO TS POtk IR R SCHE, I
FHEBERINTCHEE AT TE B AT -5 DI REXUAR S TT
JERTTE, Mt T B e AR R EE BOA R,
FIRTE THERC S REINARCER . ZHARIRICEE 5
B HHEYHBBGT (CAD) FIARRIT/MT (FEA)
TR, BEXTRE RIS MAZE R, WHERGR ., 5k
IS VR 2 MR A FROT AR, a2 ) 73 B
DEALF I S0 A, LB AR v 500
feo 1B 7 R ER, @48 O HIA IR R
(MRI) 52 J8 5k 1B 235 ) 30 SR 4 i = 2 A A 306 i)
E@%DLLRMm%%#ﬁﬁ%%%@%CM)
Beit; @ WG, U2 IR A IR TR

BRI

Wit LR S I
[EEEERY

ez

3DATEMEZ Ji il Y

K7 AR RS e i e
Fig. 7 Rapid adaptation process of prosthetic hand

54 | HilERHE Science and Technology Foresight



B, M Abaqus 58 132 7150 Hr-5 Bt b S EAE 5
@ il 3D T E il £ 42 52 i v 1) #5116 2
s & TE 3 5 e v i 3 s g A RS SR A H i
SE MR A BB L © 3D T EN I/ S A2 o
POTIERIRGREL VIl R, $27 T2 RIS
FEREFIENE, FRR T BF AR IIZRMERE o

PR BC B A AR ELAE TS B PEA R v
VClC, i ESSE BRI EOR, sz
BTN G R IR A B, AN IS
BekAsiti, [RI 3D ATENHCAR A R R IR T 138
BEAR, BB PR X BEE T A

2 REBEBSHE

2.1 RE#E%E

ZUrhe LB BB AR IE W1 B REAL 5 05 AL TR
JERLE T R AR, BB A TR GE . LY E
SERARRIIEA, BUBCRE I AR A AR IB AR R TE
Rtk —Jrim, g TR AL
b, FrEdRThs s IS AR EE SR, Sl
SAAGAM SRR Rl s S5 —D5ian, lid 2R
RS R HOR AR, FEE AR iz
JEE” PR, BRI B2 S BE MR &
BN G NRFEERE B SRR

I, BRI GUREE AL . 75 A PEAE A
H AR RIETT 1 . Z2hE LB BB
CIRC YNNI 7R SR e i) AU S 25 NIDE S =
R, mfER R IREREE | RN A YA R R AL
AR ISR, HESh U D EsE s A T
9 TERORO R, BT RERNRA | AL
A G T R A AP RO R, FFRE LA
TRAL A R MBSO SCFE, e 1k R AR 1A 0T 252 A 3 i
AKFE AL AR, S AR e -5 3 A FH B B
I, ol 5 22 A SR BE A A DAL I ) BRE 52 4l
BARS o
2.2 Hik

1) DB AR AL

B S E RIS R G IEA 2, UAREST . R

M SN A R RCR , SRR an s
A BEAT AR T s B S Bt AY 1 AR 1R
H, AERAXBHEARMN G SEBICRE, RAKX
BRI RIEAZ BEAR,  MELLSE IS AR 2538 % )
TCEERL G s DRI E AL, AR L
ANEEAIL L FRR R SRR A S SR R O A T M
H, W2 T HORE) A R,

2) I RFAL S P AT AN

LR =R AEABCR Z RETIERENE AR, 5
e PREEPRRIBETT, B 4% B H A5
RS, FEBESTHRESAT; PE K
BB ML ATS Ak TR0 e B B, R D R Al B
A, T E S RN, AL R AL fE
T ERBAEA A RE A, MELUE I “BF -k
" i AR

3) MM B MO A R AN E

B R AU THEAAR L, e 54
PEALTERC . L BREVIZREUIAOC. BT, b
SR RECE B, BEEIR T INSE Lok A A JE
e, ARIBCE BC-S AR IR A iR 55 0 246 18 R S 4
i, JUHSEIRRMIX A SS BET s, ST &
HRMERC A T PEREBUS, Ak LS YR IR A A ]
Jrik, M HIRCR

4) BRSSPI AN A2

ZIhe LIS HIIT A8 T A L mi U
BT U, 5 2K FE R T S il RS IE, {2 H
RUET XU RIS IR T BEAN AR, 7AW H]
G ROBLH R SEE s [, R HIh s B A BER
A E A LA R, SRRt e,
HEBUBEXMELRE, TR R BH 2 7™
Ak Rt —2 A

3 MR

B ZUrhe LB BB AR ER A« B AL AR
FINTHIRL IR, 5 A2 HE P RS Sl AR
AL P R R

(1) BHTZT, BCK & &R RRY . £

HiERHY% Science and Technology Foresight | 55



ZRIASIAT

Review and Commentary

o
al

BN SN A N P RN 48 S T A P S 2 R S VN EE|
G WA TR, [ A 7 S O P [ B~
. WS R PR TSR IT R E mWT A, R
i

(2) BORJZT, B0k = rERE BB A
PR H SRR A LB, B E A, W)
RIS P BT A LA, 5 I PRAL Al
O, LG — B i R E LU E T BT

(3) NAZI, G RRg iHE TR
BUEFIE G, WIRZ 2R TINA, sk
MO N INAY R Rl Bi e cvae 2 S INTIH L S8

(4) Pr R, R E W ek Ak iR Tt
BORFACAHEA A8 ST, fedb BB L S HLEs
A 3D FTENREU IR BE fl & A L BE R A 5 i
PR RS 3CHL, SRR R S Bl
b2 el WANEE |y e

(5) BEM P ZL®R, Er Ll m &L
Ya i, W SR A5 Sl S 058 SO B AR BT A 57 i
it SIAMP S 580 E, (7 EE HE
WY, R AL BT, Semish
AE. EiSMEETE R, mieT PR B
PR

4 GERIE

Z e EIBB AR REE TR S A &
Prssy . N TRRESF 2R O H B4R, Hok
Ji& BAOC R IMA B B A T i At 22 6
1o AR, hEEZSUREEUL T B
PR | PRI M S5 07 TS T R, FoAROK
-5 PR e ZE RSN, D R A
JEEGE TSR AT 2 DhRe LI RIB AT
Az e =N | I IREE AT AN A
e 55 1A AN S 5 AE PR A, RSR T LI IR 75 3K o &
], s E R G, HEshHORIEE . BUK
REE . AA IR S G i — Rk R
SRR QUHT AR R S, e e P R BB 3 2
R, AR RS 24, R LR K Rty

56 | HilERHE Science and Technology Foresight

SHFER TR LTI, hfa e v [ s St B (A A7
J13H%

SE
[11 Zheng Y, Tian L, Li X X, et al. Toward improving control
performance of myoelectric arm prosthesis by adding
wrist position feedback[J].
Neuroscience, 2022, 16: 905885.
[2] Zheng Y, Li X X, Tian L, et al. Function-oriented

Frontiers in Human

optimization design method for underactuated tendon-

driven humanoid prosthetic hand[J]. Frontiers of
Mechanical Engineering, 2022, 17(3): 40.

B] iR AR R AL RRAE S fE 0 4E T [EB/OL).
[2026-02-28]. https://www.keshen.com/product-item-43.
html.

Shanghai Kesheng Prostheses Co. , Ltd. KS Bionic Hand
[EB/OL]. [2026-02-28]. https://www .keshen.com/
product-item-43.html. (in Chinese)

[4] Tan Y X, Zheng Y, Li X X, et al. Structural design and
control of a multi-degree-of-freedom modular bionic arm
prosthesis|[M]//Intelligent Robotics and Applications.
Cham: Springer International Publishing, 2022: 689-698.

[5] Huang J, Li G X, Su H, et al. Development and
continuous control of an intelligent upper-limb
neuroprosthesis for reach and grasp motions using
biological signals[J]. IEEE Transactions on Systems,
Man, and Cybernetics: Systems, 2022, 52(6): 3431-3441.

[6] Ottobock. Ottobock Dynamic Arm[EB/OL]. [2026-
02-28]. https://shop.ottobock.us/Prosthetics/Upper-Limb-
Prosthetics/.

[71 Steeper Group. Steeper Espire Elbow[EB/OL]. [2026-
02-28]. https://www.steepergroup.com/prosthetics/upper-
limb-prosthetics/.

[8] Fillauer. Fillauer Utah Arm[EB/OL]. [2026-02-28]. https://
fillauer.com/products/utah-arm-3/.

[9] Advancing robotic research and application in indu-
stry[EB/OL]. [2026-02-28]. https://www.shadowrobot.
com/products/dexterous-hand.

[10] Liu H, Wu K, Meusel P, et al. Multisensory five-finger
dexterous hand: The DLR/HIT Hand II[C]//2008

IEEE/RSJ International Conference on Intelligent Robots


https://doi.org/10.3389/fnhum.2022.905885
https://doi.org/10.3389/fnhum.2022.905885
https://doi.org/10.1007/s11465-022-0696-0
https://doi.org/10.1007/s11465-022-0696-0
https://www.keshen.com/product-item-43.html
https://www.keshen.com/product-item-43.html
https://www.keshen.com/product-item-43.html
https://www.keshen.com/product-item-43.html
https://www.keshen.com/product-item-43.html
https://www.keshen.com/product-item-43.html
https://www.keshen.com/product-item-43.html
https://www.keshen.com/product-item-43.html
https://www.keshen.com/product-item-43.html
https://www.keshen.com/product-item-43.html
https://www.keshen.com/product-item-43.html
https://www.keshen.com/product-item-43.html
https://doi.org/10.1109/TSMC.2021.3069084
https://doi.org/10.1109/TSMC.2021.3069084
https://shop.ottobock.us/Prosthetics/Upper-Limb-Prosthetics/
https://shop.ottobock.us/Prosthetics/Upper-Limb-Prosthetics/
https://shop.ottobock.us/Prosthetics/Upper-Limb-Prosthetics/
https://shop.ottobock.us/Prosthetics/Upper-Limb-Prosthetics/
https://shop.ottobock.us/Prosthetics/Upper-Limb-Prosthetics/
https://www.steepergroup.com/prosthetics/upper-limb-prosthetics/
https://www.steepergroup.com/prosthetics/upper-limb-prosthetics/
https://www.steepergroup.com/prosthetics/upper-limb-prosthetics/
https://www.steepergroup.com/prosthetics/upper-limb-prosthetics/
https://www.steepergroup.com/prosthetics/upper-limb-prosthetics/
https://fillauer.com/products/utah-arm-3/
https://fillauer.com/products/utah-arm-3/
https://fillauer.com/products/utah-arm-3/
https://fillauer.com/products/utah-arm-3/
https://fillauer.com/products/utah-arm-3/
https://fillauer.com/products/utah-arm-3/
https://www.shadowrobot.com/products/dexterous-hand
https://www.shadowrobot.com/products/dexterous-hand
https://www.shadowrobot.com/products/dexterous-hand
https://www.shadowrobot.com/products/dexterous-hand

[13]

[14]

[16]

(18]

[20]

and Systems. Piscataway: IEEE Press, 2008: 3692-3697.
Pons J L, Rocon E, Ceres R, et al. The MANUS-HAND
dextrous robotics upper limb prosthesis: Mechanical and
manipulation aspects[J]. Autonomous Robots, 2004,
16(2): 143-163.

Light C M, Chappell P H. Development of a lightweight
and adaptable multiple-axis hand prosthesis[J]. Medical
Engineering & Physics, 2000, 22(10): 679-684.

Cipriani C, Controzzi M, Carrozza M C. The SmartHand
transradial prosthesis[J]. Journal of NeuroEngineering and
Rehabilitation, 2011, 8(1): 29.

Della Santina C, Piazza C, Grioli G, et al. Toward
dexterous manipulation with augmented adaptive
synergies: The Pisa/lIT SoftHand 2[J]. IEEE Transactions
on Robotics, 2018, 34(5): 1141-1156.

Sun B Y, Gong X, Liang J, et al. Design principle of a
dual-actuated robotic hand with anthropomorphic self-
adaptive grasping and dexterous manipulation abilities[J].
IEEE Transactions on Robotics, 2022, 38(4): 2322-2340.
Laffranchi M, Boccardo N, Traverso S, et al. The Hannes
hand prosthesis replicates the key biological properties of
the human hand[J]. Science Robotics, 2020, 5(46):
eabb0467.

Zheng Y, Chen X X, Tian L, et al. A prosthetic hand
system with human-like grasping by combining EMG and
visual information[C]//2024 30th International Confer-
ence on Mechatronics and Machine Vision in Practice
(M2VIP). Piscataway: IEEE Press, 2024: 1-4.

AR R B HLES AR A RA A . F N TR R F
[EB/OL]. [2026-02-28]. https://www.inspire-robots.com/.
Beijing Inspire-Robots Technology Co., Ltd. Humanoid
Five-Fingered Dexterous Hand[EB/OL]. [2026-02-28].
https://www.inspire-robots.com/. (in Chinese)

Hudgins B, Parker P, Scott R N. A new strategy for
multifunction myoelectric control[J]. IEEE Transactions
on Biomedical Engineering, 1993, 40(1): 82-94.

Englehart K, Hudgins B. A robust, real-time control
scheme for multifunction myoelectric control[J]. IEEE
Transactions on Biomedical Engineering, 2003, 50(7):

848-854.

Muceli S, Jiang N, Farina D. Extracting signals robust to

[22]

[23]

[24]

[26]

[27]

(28]

[29]

[30]

electrode number and shift for online simultaneous and
proportional myoelectric control by factorization algori-
thms[J]. IEEE Transactions on Neural Systems and Reha-
bilitation Engineering, 2014, 22(3): 623-633.

Hahne J M, Schweisfurth M A, Koppe M, et al
Simultaneous control of multiple functions of bionic hand
prostheses: Performance and robustness in end users[J].
Science Robotics, 2018, 3(19): eaat3630.

Gu G Y, Zhang N B, Xu H P, et al. A soft neuroprosthetic
hand providing simultaneous myoelectric control and
tactile feedback[J]. Nature Biomedical Engineering, 2023,
7(4): 589-598.

WO, 230K, Mk, 5. BRI E BB 2R
HEWFFE]. AR, 2016, 5(5): 30-37.

Huang J P, Li W Q, Yang L, et al. A pilot study of nerve
function reinnervation on a transhumeral amputee[J].
Journal of Integration Technology, 2016, 5(5): 30-37. (in
Chinese)

Montazerin M, Rahimian E, Naderkhani F, et al.

Transformer-based hand gesture recognition from
instantaneous to fused neural decomposition of high-
density EMG signals[J].

11000.

Scientific Reports, 2023, 13:

Ovadia D, Segal A, Rabin N. Classification of hand and
wrist movements via surface electromyogram using the
random convolutional kernels transform[J]. Scientific
Reports, 2024, 14: 4134.

Yu Y, Chen C, Sheng X J, et al. Wrist torque estimation
via electromyographic motor unit decomposition and
image reconstruction[J]. IEEE Journal of Biomedical and
Health Informatics, 2021, 25(7): 2557-2566.

Chen C, Yu Y, Ma S H, et al. Hand gesture recognition
based on motor unit spike trains decoded from high-
density electromyography[J]. Biomedical Signal Proces-
sing and Control, 2020, 55: 101637.

Yang D P, Liu H. An EMG-based deep learning approach
for multi-DOF wrist movement decoding[J]. IEEE
Transactions on Industrial Electronics, 2022, 69(7): 7099-
7108.

Xu M J, Chen X, Sun A T, et al. A novel event-driven

spiking convolutional neural network for electromyo-

HiERHY% Science and Technology Foresight | 57


https://doi.org/10.1023/B:AURO.0000016862.38337.f1
https://doi.org/10.1016/s1350-4533(01)00017-0
https://doi.org/10.1016/s1350-4533(01)00017-0
https://doi.org/10.1186/1743-0003-8-29
https://doi.org/10.1186/1743-0003-8-29
https://doi.org/10.1109/TRO.2018.2830407
https://doi.org/10.1109/TRO.2018.2830407
https://doi.org/10.1109/TRO.2021.3132532
https://doi.org/10.1126/scirobotics.abb0467
https://www.inspire-robots.com/
https://www.inspire-robots.com/
https://www.inspire-robots.com/
https://www.inspire-robots.com/
https://www.inspire-robots.com/
https://www.inspire-robots.com/
https://doi.org/10.1109/10.204774
https://doi.org/10.1109/10.204774
https://doi.org/10.1109/TBME.2003.813539
https://doi.org/10.1109/TBME.2003.813539
https://doi.org/10.1109/TNSRE.2013.2282898
https://doi.org/10.1109/TNSRE.2013.2282898
https://doi.org/10.1109/TNSRE.2013.2282898
https://doi.org/10.1126/scirobotics.aat3630
https://doi.org/10.1038/s41551-021-00767-0
https://doi.org/10.1038/s41598-023-36490-w
https://doi.org/10.1038/s41598-024-54677-7
https://doi.org/10.1038/s41598-024-54677-7
https://doi.org/10.1109/JBHI.2020.3041861
https://doi.org/10.1109/JBHI.2020.3041861
https://doi.org/10.1016/j.bspc.2019.101637
https://doi.org/10.1016/j.bspc.2019.101637
https://doi.org/10.1016/j.bspc.2019.101637
https://doi.org/10.1109/TIE.2021.3097666
https://doi.org/10.1109/TIE.2021.3097666

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

ZRIASIAT

Review and Commentary

graphy pattern recognition[J]. IEEE Transactions on
Biomedical Engineering, 2023, 70(9): 2604-2615.

Tang S J, Chen L, Barsotti M, et al. Kinematic synergy of
multi-DoF movement in upper limb and its application for
rehabilitation exoskeleton motion planning[J]. Frontiers in
Neurorobotics, 2019, 13: 99.

Dai C Y, Hu X G. Finger joint angle estimation based on
motoneuron discharge activities[J]. IEEE Journal of
Biomedical and Health Informatics, 2020, 24(3): 760-767.
Liu Y, Peng X H, Tan Y X, et al. A novel unsupervised
dynamic feature domain adaptation strategy for cross-
individual myoelectric gesture recognition[J]. Journal of
Neural Engineering, 2023, 20(6): 066044.

QuJ T, Mao B J, Li Z K, et al. Recent progress in
advanced tactile sensing technologies for soft grippers[J].
Advanced Functional Materials, 2023, 33(41): 2306249.
Zhang C F, Cui S W, Wang S, et al. GelStereo 2.0: An
improved GelStereo sensor with multimedium refractive
stereo calibration[J]. IEEE Transactions on Industrial
Electronics, 2024, 71(7): 7452-7462.

Wang Y, Wu H T, Xu L, et al. Hierarchically patterned
self-powered sensors for multifunctional tactile
sensing[J]. Science Advances, 2020, 6(34): eabb9083.
Chen G Q, Zhang Y T, Li S N, et al. Flexible artificial
tactility with excellent robustness and temperature
tolerance based on organohydrogel sensor array for robot
motion detection and object

Advanced Materials, 2024, 36(45): 2408193.
Wang HH, Cen Y M, Zeng X Q. Highly sensitive flexible

shape recognition[J].

tactile sensor mimicking the microstructure perception
behavior of human skin[J]. ACS Applied Materials &
Interfaces, 2021, 13(24): 28538-28545.

Kong D P, Yang G, Pang G Y, et al. Bioinspired co-
design of tactile sensor and deep learning algorithm for
Advanced

human-robot interaction[J].

Systems, 2022, 4(6): 2200050.

Intelligent

Tang J, Zhao C, Luo Q, et al. Ultrahigh-transparency and
pressure-sensitive iontronic device for tactile intellig-
ence[J]. npj Flexible Electronics, 2022, 6: 54.

Niu H S, Gao S, Yue W J, et al. Highly morphology-

controllable and highly sensitive capacitive tactile sensor

58 | HilERHE Science and Technology Foresight

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

based on epidermis-dermis-inspired interlocked asymme-
tric-nanocone arrays for detection of tiny pressure[J].
Small, 2020, 16(4): 1904774.

Zhou X Y, Fu H, Shentu B Q, et al. Design and control of
a tendon-driven robotic finger based on grasping task
analysis[J]. Biomimetics, 2024, 9(6): 321.

Xu C, Wang Y R, Zhang J Y, et al. Three-dimensional
micro strain gauges as flexible, modular tactile sensors for
versatile integration with micro- and macroelectronics[J].
Science Advances, 2024, 10(34): eadp6094.

Zhu S S, Li Y H, Yelemulati H, et al. An artificial remote
tactile device with 3D depth-of-field sensation[J]. Science
Advances, 2022, 8(43): eabo5314.

Lin W K, Zhang D S, Lee W W, et al. Super-resolution
wearable electrotactile rendering system[J]. Science
Advances, 2022, 8(36): eabp8738.

Svensson P, Wijk U, Bjrkman A, et al. A review of
invasive and non-invasive sensory feedback in upper limb
prostheses[J]. Expert Review of Medical Devices, 2017,
14(6): 439-447.

Kim K, Colgate J E. Haptic feedback enhances grip force
control of SEMG-controlled prosthetic hands in targeted
reinnervation amputees[J]. IEEE Transactions on Neural
Systems and Rehabilitation Engineering, 2012, 20(6):
798-805.

Oddo C M, Raspopovic S, Artoni F, et al. Intraneural
stimulation elicits discrimination of textural features by
artificial fingertip in intact and amputee humans[J]. eLife,
2016, 5: e09148.

Stephens-Fripp B, Alici G, Mutlu R. A review of non-
invasive sensory feedback methods for transradial
prosthetic hands[J]. IEEE Access, 2018, 6: 6878-6899.
Sagastegui Alva P G, Boesendorfer A, Aszmann O C, et
al. Excitation of natural spinal reflex loops in the sensory-
motor control of hand prostheses[J]. Science Robotics,
2024, 9(90): eadl0085.

Chaubey P, Rosenbaum-Chou T, Daly W, et al. Closed-
loop vibratory haptic feedback in upper-limb prosthetic
users[J]. Journal of Prosthetics and Orthotics, 2014, 26(3):
120-127.

Wireless

Cho Y, Liang K, Folowosele F, et al.


https://doi.org/10.1109/TBME.2023.3258606
https://doi.org/10.1109/TBME.2023.3258606
https://doi.org/10.3389/fnbot.2019.00099
https://doi.org/10.3389/fnbot.2019.00099
https://doi.org/10.1109/JBHI.2019.2926307
https://doi.org/10.1109/JBHI.2019.2926307
https://doi.org/10.1088/1741-2552/ad184f
https://doi.org/10.1088/1741-2552/ad184f
https://doi.org/10.1002/adfm.202306249
https://doi.org/10.1109/TIE.2023.3312418
https://doi.org/10.1109/TIE.2023.3312418
https://doi.org/10.1126/sciadv.abb9083
https://doi.org/10.1002/adma.202408193
https://doi.org/10.1021/acsami.1c04079
https://doi.org/10.1021/acsami.1c04079
https://doi.org/10.1002/aisy.202200050
https://doi.org/10.1002/aisy.202200050
https://doi.org/10.1038/s41528-022-00162-y
https://doi.org/10.1126/sciadv.adp6094
https://doi.org/10.1126/sciadv.abo5314
https://doi.org/10.1126/sciadv.abo5314
https://doi.org/10.1126/sciadv.abp8738
https://doi.org/10.1126/sciadv.abp8738
https://doi.org/10.1080/17434440.2017.1332989
https://doi.org/10.1109/TNSRE.2012.2206080
https://doi.org/10.1109/TNSRE.2012.2206080
https://doi.org/10.7554/eLife.09148
https://doi.org/10.1109/ACCESS.2018.2791583
https://doi.org/10.1126/scirobotics.adl0085
https://doi.org/10.1097/JPO.0000000000000030

[54]

[55]

[58]

temperature sensing cosmesis for prosthesis[C]//2007
IEEE 10th International Conference on Rehabilitation
Robotics. Piscataway: IEEE Press, 2008: 672-677.
Godfrey S B, Bianchi M, Bicchi A, et al. Influence of
force feedback on grasp force modulation in prosthetic
applications: A preliminary study[C]//2016 38th Annual
International Conference of the IEEE Engineering in
Medicine and Biology Society (EMBC). Piscataway:
IEEE Press, 2016: 5439-5442.

Hartmann C, Linde J, Dosen S, et al. Towards prosthetic
systems providing comprehensive tactile feedback for
utility and embodiment[C]//2014 IEEE Biomedical
Circuits and Systems Conference (BioCAS) Proceedings.
Piscataway: IEEE Press, 2014: 620-623.

Wilson S, Dirven S. Audio sensory substitution for
human-in-the-loop force feedback of upper limb
prosthetics[C]//2016 23rd International Conference on
Mechatronics and Machine Vision in Practice (M2VIP).
Piscataway: IEEE Press, 2017: 1-6.

Markovic M, Karnal H, Graimann B, et al. GLIMPSE:
Google Glass interface for sensory feedback in myoele-
ctric hand prostheses[J]. Journal of Neural Engineering,
2017, 14(3): 036007.

Wang Y Y, Fang P, Tang X, et al. Effective evaluation of
finger sensation evoking by non-invasive stimulation for
sensory function recovery in transradial amputees[J].
IEEE Transactions on Neural Systems and Rehabilitation
Engineering, 2022, 30: 519-528.

Osborn L E, Venkatasubramanian R, Himmtann M, et al.
Evoking natural thermal perceptions using a thin-film
thermoelectric device with high cooling power density
and speed[J]. Nature Biomedical Engineering, 2024, 8(8):
1004-1017.

Iberite F, Muheim J, Akouissi O, et al. Restoration of
natural thermal sensation in upper-limb amputees[J].

Science, 2023, 380(6646): 731-735.

[60]

[62]

[63]

[65]

[66]

[68]

Jiang N, Chen C, He J Y, et al. Bio-robotics research for
non-invasive myoelectric neural interfaces for upper-limb
prosthetic control: A 10-year perspective review[J].
National Science Review, 2023, 10(5): nwad048.

Chen Z M, Min H S, Wang D, et al. A review of
myoelectric control for prosthetic hand manipulation[J].
Biomimetics, 2023, 8(3): 328.

Gherardini M, Ianniciello V, Masiero F, et al. Restoration
of grasping in an upper limb amputee using the
myokinetic prosthesis with implanted magnets[J]. Science
Robotics, 2024, 9(94): eadp3260.

Abbink D A, Carlson T, Mulder M, et al. A topology of
shared control systems: finding common ground in
diversity[J]. IEEE Transactions on Human-Machine
Systems, 2018, 48(5): 509-525.

Fang B, Ma X, Wang J C, et al. Vision-based posture-
consistent teleoperation of robotic arm using multi-stage
deep neural network[J]. Robotics and Autonomous
Systems, 2020, 131: 103592.

Gionfrida L, Kim D, Scaramuzza D, et al. Wearable
robots for the real world need vision[J]. Science Robotics,
2024, 9(90): ead;j8812.

Shi CY, Zhao J D, Yang D P, et al. -MYO: A multi-
grasp prosthetic hand control system based on gaze
movements, augmented reality, and myoelectric
signals[J]. The International Journal of Medical Robotics
and Computer Assisted Surgery, 2024, 20(1): e2617.
Huang J, Li Z J, Xia H S, et al. Cross-modal integration
and transfer learning using fuzzy logic techniques for
intelligent upper limb prosthesis[J]. IEEE Transactions on
Fuzzy Systems, 2023, 31(4): 1267-1280.

Mouchoux J, Carisi S, Dosen S, et al. Artificial perception
and semiautonomous control in myoelectric hand
prostheses increases performance and decreases effort[J].

IEEE Transactions on Robotics, 2021, 37(4): 1298-1312.

HiERHY% Science and Technology Foresight | 59


https://doi.org/10.1088/1741-2552/aa620a
https://doi.org/10.1109/TNSRE.2022.3155756
https://doi.org/10.1109/TNSRE.2022.3155756
https://doi.org/10.1038/s41551-023-01070-w
https://doi.org/10.1126/science.adf6121
https://doi.org/10.1093/nsr/nwad048
https://doi.org/10.3390/biomimetics8030328
https://doi.org/10.1126/scirobotics.adp3260
https://doi.org/10.1126/scirobotics.adp3260
https://doi.org/10.1109/THMS.2018.2791570
https://doi.org/10.1109/THMS.2018.2791570
https://doi.org/10.1109/THMS.2018.2791570
https://doi.org/10.1109/THMS.2018.2791570
https://doi.org/10.1016/j.robot.2020.103592
https://doi.org/10.1016/j.robot.2020.103592
https://doi.org/10.1126/scirobotics.adj8812
https://doi.org/10.1002/rcs.2617
https://doi.org/10.1002/rcs.2617
https://doi.org/10.1109/TFUZZ.2022.3198172
https://doi.org/10.1109/TFUZZ.2022.3198172
https://doi.org/10.1109/TRO.2020.3047013

ZRIASIAT

Review and Commentary

Research Progress and Development Suggestions on Multifunctional Upper Limb Prosthesis
Technology

ZHENG Yue, LI Xiangxin, TIAN Lan, LI Guanglin'
Shenzhen Institute of Advanced Technology, Chinese Academy of Sciences, Shenzhen 518055, China

Abstract The population of individuals with limb disabilities in China continues to rise, intensifying the urgent demand for high-
performance upper-limb prostheses. While myoelectric prostheses offer intuitive control advantages, their adoption remains limited
by critical shortcomings: constrained mechanical dexterity, suboptimal control robustness, and absence of sensory feedback, leading
to high abandonment rates. Recent advances in interdisciplinary integration bring new opportunities for the development of
multifunctional upper limb prosthesis technology. This paper systematically reviews the latest research progress in this field from
five major directions: biomimetic mechanical creation, biological information decoding, multi-modal perception and sensory
feedback, motion control strategies, and rapid adaptation. It analyzes the technological development trends and existing challenges,
and proposes targeted countermeasures from the perspectives of technological research and policy support. The study aims to
promote the advancement of upper limb prosthesis technology towards intelligence, biomimicry, and practicality in China and
accelerate the popularization of high-performance prostheses.

Keywords myoelectric prosthesis; intention recognition; sensory feedback; intelligent control; rapid adaptation
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